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ABSTRACT. Raman and IR spectra of xV2O5.(1-x)B2O3 glasses (with 0.05 ( x ( 0.8) have been measured and analysed.

The band characteristic to boroxol groups (806 cm-1) is present only at very low V2O5 content. This band has small intensity and disappears when V2O5 content increases, while the Raman bands assigned to diborate groups and isolated BO4 units are present in all spectra. The presence of V2O5 in B2O3 glasses determines the appearance of four-fold coordinated boron atom in diborate groups and isolated BO4 units. In this glasses chain type metaborate groups are also identified. For high V2O5 content, the intensity of the band centered at 993 cm-1 does not decrease as that from 1022 cm-1 (both assigned to diborate groups). Therefore, we presume that at 993 cm-1 are overlap two bands: one is characteristic to diborate groups and the other one to vanadate structure. 

IR spectra reveal same changes as in Raman spectra. For samples having x ( 0.6 a peak characteristic to V2O5 appears. This is an indication that vanadate structure was forming. 

Therefore, we conclude that the vanadium oxide acts as network modifier in these glasses for 0.05 ( x ( 0.5. For 0.6 ( x ( 0.8 vanadium oxide acts as glass forming.
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1. Introduction

Raman and IR spectroscopy become effective tools for resolving the structure of local arrangement in glasses.

The transition metal (TM) oxide glasses have been extensively studied by several authors during the last twenty years. These glasses are of importance due to their semiconducting properties and the electrical conduction is due to electron hopping [1-3] on account of the available reduced states of the TM ions. Some authors have studied the effect of single [4] and multiple [5] TM ions as dopants in alkali or alkaline earth oxide glasses. On the other hand some have reported the effect of glass formers on these TM oxides as regards the glass formation and have examined the electrical behavior [6] and performed spectroscopic studies [7].

In this paper we report the structure study of borate vanadate glasses using Raman and IR spectroscopy. 

2. Experimental

Glasses of xV2O5(1-x)B2O3 system with 0.05 ( x ( 0.8 were prepared by mixing H3BO3 and V2O5 having reagent grade purity in suitable proportions and melting this admixtures in sintered corundum crucibles at T = 1523 K for 0.5 hour. Vitrification was achieved by rapid cooling of the melts on stainless steel plates at room temperature and atmospheric pressure. 

The Raman spectra were obtained using the micro-Raman technique. A Spectra Physics 166 Ar+ laser (514.4 nm) was coupled with an optical microscope Olympus U-CMAD-2 with two objectives (DPLAN 20 160/0.17 and ULWD MSPLAN 80/0.75). The laser power was 350 mW at the sample. A 180( geometry was used as well as a Spex model 1404 double monochromator with a spectral slit width of 2 cm-1. The spectra were recorded without a polarizer in the collection optics.

The IR spectra were recorded in 4000-400 cm-1 spectral range with a Brucker IFS 120 spectrometer using the KBr pellet technique. A MIR Glowbar source and a MCT detector cooled with liquid nitrogen were used. The measurements were carried out for a pressure less than 1 mbar, at the room temperature. For each spectrum 100 scans were made and the spectral resolution was 1 cm-1. 

3. Results and discussion

Raman spectra

[image: image1.png]2500

3000

3500

4000

~———(‘n"e)aduepwsuesn

wavenumber/cm




Raman spectra of xV2O5(1-x)B2O3 glasses with various contents of copper oxide (0.05 ( x ( 0.7) are shown in Fig.1. The following bands are present in these spectra: 407 cm-1, 471 cm-1, 526 cm-1, 694 cm-1, 806 cm-1, 993 cm-1 and 1022 cm-1. 

Fig. 1. Raman spectra of of xV2O5(1-x)B2O3 glasses with 0.05 ( x ( 0.7

In the spectrum obtained for lowest V2O5 content, the main peaks appear at 993, 694, 526 and 407 cm-1. The intensities of these peaks decrease as the V2O5 content increases. Some bands disappear at high content of vanadium oxide. The band centered at 806 cm-1 is present only at very low V2O5 content. The bands centered at 527 cm-1 and 471 cm-1 disappear for x > 0.5. For highest content of V2O5 (x = 0.7) the bands centered at 993 cm-1, 694 cm-1 and 407 cm-1 are still observed and no new bands appear when V2O5 content further increases.

The Raman spectrum of vitreous B2O3 is dominated by a strong band centered at ~806 cm-1. The 806 cm-1 band was assigned to the boroxol ring oxygen breathing involving a very little boron motion (boron atom coordinate is 3) [8]. (A list of borate groups found in borate compounds is given by Meera et al. [9]. This band (characteristic to boroxol rings) appears only for low V2O5 content. Therefore, the raising of vanadium oxide content determines a disruption of the boroxol network. 

All recorded spectra exhibit peaks at: 407 cm-1, 526 cm-1, 694 cm-1, 993 cm-1 and 1022 cm-1. In order to assign these bands we took into account crystalline boron compounds. 

Crystalline ZnO-2B2O3 and Li2O-2B2O3, which consist only of diborate groups, have Raman peaks at 1050 cm-1 and 980 cm-1 [10]. On this basis we consider that the band at 993 cm-1 and the shoulder at 1022 cm-1 observed in our spectra indicate the presence of diborate groups in studied glasses. Diborate groups consist of six membered rings containing two BO4 tetrahedra. The line occurring at 993 cm-1 could arise both from diborate groups [10] and from vanadate structures [11]. Because for high V2O5 content, the intensity if the Raman band centered at 993 cm-1 does not decrease as the other band assigned to diborate groups (1022 cm-1), we presume that at 993 cm-1 are overlap two bands: one typical to diborate groups and the other one characteristic to vanadate structure.


The bands between 400 and 550 cm-1 were assigned by Kamitsos et all [12] to the symmetric stretching vibration of the isolated BO4 units (tetrahedra connecting various segments without participating in the specific borate arrangements) and anti-symmetric stretching vibration of such BO4 tetrahedra, respectively. Therefore the band at 407 cm-1 and 526 cm-1 can be assigned to the symmetric stretching vibrations of isolated BO4 units. The 471 cm-1 band is assigned to a ring angle bending (B-O-B) [13] that is observed at 470 cm-1 for pure B2O3 [14]. 

Raman spectra of lithium and calcium borate glasses, which consist of chain type metaborate groups [13] exhibit a strong peak at 710 cm-1. In our spectra (fig. 1) this band appears at 694 cm-1 and indicates the presence of the chain type metaborate groups. 

Even for the Raman spectra obtained for lowest V2O5 content the 806 cm-1 are not dominant. There are another bands with higher intensities. These bands are characteristic in majority to borate groups containing BO4 units as we just shown. Therefore, the addition of a very small amount of V2O5 (x = 0.5) leads to the formation of four coordination boron atoms. The incorporation of BO4 units in the ring structure results in a weakening of the B-O bond and as consequence the ring opening. 


Diborate groups, chain type metaborate groups and isolated BO4 units are all evidenced beginning with the lowest vanadium oxide content. The decrease of all Raman bands intensities determined by the increase of the V2O5 content indicates the diminution of the number of these groups. At very high content of V2O5 Raman spectra indicate the formation of vanadate structure. These facts denote that vanadium oxide in the binary system V2O5-B2O3 acts like a glass modifier and only for very high content of V2O5 act as a glass former. The presence of boron oxide, a very strong glass former, permits to vanadium oxide to act as a glass former only at high concentrations. 

IR spectra
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IR spectra of xV2O5(1-x)B2O3 glasses with various contents of copper oxide (0.05 ( x ( 0.8) are shown in Fig.2. The following bands are present in these spectra: 642 cm-1, 796 cm-1, 883 cm-1, 1023 cm-1, 1195 cm-1, 1384 cm-1, 1465 cm-1, 1630 cm-1, 2260 cm-1, 2360 cm-1, 2520 cm-1, 3220 cm-1, and 3443 cm-1.

Fig. 2. IR spectra of xV2O5(1-x)B2O3 glasses with 0.05 ( x ( 0.8


Samples having up to 0.5 V2O5 show a water band at 3220 cm-1 and -OH stretching peaks at 2520 cm-1, 2360 cm-1 and 2260 cm-1. These are intense for low V2O5 content as shown in fig 2. According to Borrellie et al. [15] these bands and peaks are due to the hygroscopic character of the powdered glass samples. Hence, it can be safely concluded that the samples are quite hygroscopic in nature at low x content. 


An absorption peak was observed at 1630 cm-1. The origin of this peak is not obvious, but the H-O-H bending mode gives rise to an absorption in this region [16] and the possibility of some adsorbed water giving rise to this peak cannot be ruled out. 


A broad band at around 1450 cm-1 as observed in crystalline B2O3 is present in low composition V2O5 glasses, but its character changes in samples above 0.5 V2O5. As already reported in Na2O-B2O3 glasses [17] the characteristic >B-O- stretching band in the B2O3 glass network is assigned to a broad band from 1428 cm-1 to 1333 cm-1. This band appears in our IR spectra, confirming the amorphous nature of studied glasses. 

The low V2O5 content glasses show a very sharp absorption peak at 1195 cm-1. This peak may be attributed to triangular B-O stretching vibrations [16]. This peak disappears when V2O5 content increases. The spectra corresponding to x >0.6 present a band at 1250 cm-1 and do not exhibit the 1195 cm-1 peak. The disappearance of the 1195 cm-1 peak and the progressively appearance of the band centered at 1250 cm-1 corresponds to a change from triangular to tetrahedral boron structure when the system goes to higher V2O5 content [16].


An absorption band at 1023 cm-1 was observed in all the samples, also at highest V2O5 content. This peak in attributed to V=O stretching vibrations [18]. 


The peak at 883 cm-1 which is observed for low V2O5 content disappear for x > 0.5. This disappear might be due to the rupture of boron ring structure when the V2O5 content increases [16]. A broad absorption peak between 740 cm-1 and 800 cm-1 in crystalline B2O3 and at 825 cm-1 in crystalline V2O5 is observed [16]. For higher compositions, this band disappears completely. The absence of this band indicates that either the structural units of V2O5 in V2O5-B2O3 glasses is not the same as that in crystallineV2O5 or the intensity of the peak becomes very weak and could not be detected.


Below 800 cm-1 there are several absorption peaks in crystalline B2O3 as well in V2O5 [16]. Therefore, we can not assume these bands to particular groups (borate or vanadate).


For low V2O5 content IR spectra reveal the presence of triangular and tetrahedral borate units. At high V2O5 content only IR bands corresponding to the tetrahedral borate units appear, in agreement with Raman conclusions. This indicates a modification of the structure of studied glasses, determined by the changes of the vanadium oxide content. Both Raman and IR analyses show the presence of vanadate groups at high concentration of vanadium oxide. Thus at high V2O5 content vanadium oxide starts to act as a glass former.

4. Conclusions

The vanadium oxide acts in the investigated x V2O5(1-x)B2O3 glass system as a modifier and only at very high content as a glass former. A very small V2O5 content determines the break of the regular structure of boroxol groups in B2O3 glass and the formation of diborate groups, chain type metaborate groups and isolated BO4 units. The appearance of diborate groups and isolated BO4 units is an indication for the four-fold coordinated boron atoms presence in the glasses studied. At very high content vanadium oxide acts as glass former.

The IR spectra of studied glasses have been qualitatively interpreted in the range of 4000 cm-1 to 500 cm-1. The main characteristic is the disappearance of some bands when V2O5 content increases. For low vanadium oxide content, specifically borate units with triangular and tetrahedral configuration are present, while for high V2O5 content are present only borate units with tetrahedral configuration. In the same time, the feature of IR spectra reveal bands characteristic to vanadate structure.

Therefore, we conclude that vanadium oxide acts as network modifier in these glasses for 0.05 ( x ( 0.5. For higher concentration, vanadium oxide starts to act as glass former. In the structure of x V2O5(1-x)B2O3 glasses boroxol rings (at low V2O5 content) chain type metaborate groups, diborate groups and isolated BO4 units are present. For high V2O5 content vanadate groups appear, both borate and vanadate glass network been present in the glasses structure. 
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